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Description 

[0001] The present invention relates to an isothermal 
reactor for carrying out exothermic or endothermic het- 
erogeneous reactions, of the type comprising: 5 

an outer shell of substantially cylindrical shape; 

at least a heat exchanger embedded in a catalytic 
layer supported into such shell. 

[0002] In the following description and attached 
claims, the expression "isothermal reactor" is meant to 
indicate a reactor for chemical reactions wherein the 
temperature inside the one or more catalytic layers 
where the reaction takes place, is controlled by essen- 
tially removing or supplying heat. Such reaction may be 
of both of exothermic or endothermic type. On the con- 
trary, the expression "adiabatic reactor" is meant to in- 
dicate a reactor for chemical reactions wherein inside 
the one or more catalytic layers where the reaction takes 
place, there is no heat exchange with the outer environ- 
ment. 

[0003] As known, in the field of exothermic or endo- 
thermic heterogeneous synthesis, the need is more and 
more felt of having high capacity isothermal reactors 
available, which on one side are of simple construction, 
reliable and require low investment and maintenance 
costs, and on the other side are able to operate with a 
high conversion yield, low pressure drops, low energy 
consumption and high heat exchange efficiency be- 
tween the reactants and the heat exchange fluid. 

State of the art 

[0004] In order to fulfil such requirement, isothermal 
reactors have been proposed with a catalytic layer 
crossed by the reactants perpendicularly to the reactor 
axis and comprising inside it a heat exchanger consist- 
ing of a great number of ducts for removing or supplying 
the heat. In the following description, such layer will be 
designated as radial catalytic layer. 
[0005] An example of such reactors is described in 
DB-A-3 318 098. 

[0006] In such patent document, the heat exchanger 
consists of ducts that run helicoidally around a collector 
extending along the reactor axis for collecting the reac- 
tion gaseous products. 

[0007] In particular, a heat exchanger is foreseen, 
consisting of a bundle of helicoidal ducts supported be- 
tween opposed tube plates arranged at the ends of the 
shell. 

[0008] It shall be noted that heat exchangers of the 
above design are also known in reactors with catalytic 
layer intended for being axially crossed by the reactant 
gases. 

[0009] Reference shall be made, for instance, to US- 
A-4 339 413 and US-A-4 636 365. 
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[0010] Although advantageous under some aspects, 
the reactor provided with heat exchanger described in 
DE-A-3 318 098 has a series of drawbacks which are 
pointed out hereinbelow. 

[001 1 ] First of all the fact that, as it crosses the cata- 
lytic layer, the flow of reactant gases and reaction prod- 
ucts which flows transversely with respect to the ar- 
rangement of the helicoidal ducts, comes into contact 
with different ducts at different temperatures, with a var- 
ying heat exchange efficiency from tube to tube. 
[0012] In other words, in case of an exothermic reac- 
tion, the gaseous reactants gradually increase their tem- 
perature while crossing the catalytic layer in radial di- 
rection. For this reason, the outer ducts in the bundle of 
helicoidal ducts are impinged by a relatively cold flow, 
whereas the inner ones are impinged by an ever warmer 
gas from which they take on an ever increasing amount 
of heat. 

[0013] As a result, each helicoidal tube, according to 
its location in the catalytic layer, receives a different 
amount of heat and hence has to support a different 
thermal load. 

[0014] Should, for example, the heat exchange fluid 
consist of water that is transformed into steam, nonetwo 
ducts produce the same amount of steam in the ar- 
rangement of heicoidal tube bundle heat exchanger 
suggested in DE-A-3 318 098. 

[0015] Further on, the substantial detected reduction 
of heat exchange efficiency is also due to the fact that 
the ducts of the aforesaid arrangement in contact with 
the gaseous reactants at low temperature are subjected 
to a low thermal load, what implies a low degree of va- 
porisation for the water with ensuing low outflow speed 
and hence high water flow rates, in terms of mass. 
[0016] On the contrary, the helicoidal tubes in contact 
with the high temperature gaseous reactants are sub- 
jected to a high thermal load, what implies a high degree 
of vaporisation for the water with ensuing high outflow 
speed and hence low water flow rates, in terms of mass. 
[0017] A further disadvantage of the reactor accord- 
ing to the prior art is its high structural and manufacturing 
complexity resulting from the helicoidal design of the 
tube bundle that requires for sure high investment and 
maintenance costs. It shall be noted that in some cases 
such structural complexity may even make it impossible 
to carry out its maintenance. 

[0018] Just because of these disadvantages, the iso- 
thermal reactors for carrying out exothermic or endo- 
thermic heterogeneous syntheses of the above-men- 
tioned type have found to date little practical application, 
notwithstanding the increasingly felt need in the field of 
high capacity reactors. 

[0019] Such drawbacks do even get worse in case the 
isothermal reactor in use is not of the above mentioned 
helicoidal tube bundle type but of the vertical tube bun- 
dle type. 



EP 1 153 653 A1 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 153 653 A1 



4 



Summary of the invention. 

[0020] The technical problem underlying the present 
invention is that of providing an isothermal reactor for 
carrying out exothermic or endothermic heterogeneous 5 
reactions, which is capable of fulfilling the above de- 
scribed need and at the same time overcomes all the 
drawbacks mentioned with reference to the prior art. 
[0021] According to the invention, the problem is 
solved by a reactor of the above-indicated type, charac- 
terised in that: 

said heat exchanger is a plate heat exchanger. 

[0022] As used herein, the expression "plate heat ex- 
changer 11 refers to a heat exchanger having plates com- 
prising dedicated ducts inside which the heat exchange 
fluid flows. In particular, such plates comprise - prefer- 
ably corrugated 

walls, which are mutually parallel and juxtaposed to 
each other, between which there are provided the 
aforesaid ducts for the circulation of the heat ex- 
change fluid. 

[0023] The plate heat exchanger is embedded in a 
catalytic layer crossed by the gaseous reactants that, 
coming into contact with the catalyst, react and produce 
heat in case of an exothermic reaction. The heat pro- 
duced is released from the reacted gases, whilst they 
impinge the aforesaid plates, to a coolant that flows in 
such ducts. 

[0024] Thanks to the present invention it is advanta- 
geously possible to obtain - in an easy and effective way 
- an isothermal reactor at high heat exchange degree 
that allows an optimum control of the temperature, to all 
advantage of the conversion yield and of the energy 
consumption. 

[0025] In fact, according to the present invention, 
each single duct defined between said plates can re- 
spectively run along two distinct directions. 
[0026] A first direction parallel to the reactor axis and, 
accordingly, parallel to the generatrix of the shell if the 
reactants flow is directed along such axis (axial flow) or 
alternatively a second direction perpendicular to the re- 
actor axis if the reactants flow is so directed (radial flow). 
[0027] In this way, the ducts are advantageously al- 
ways substantially parallel to the gaseous flow, which 
comprises the reactants and the reaction products. 
[0028] This means that each single duct of the plate 
exchanger according to the present invention is in con- 
tact with the same portion of reactants thereby advan- 
tageously following all the variations of heat developed 
or absorbed by the reaction; therefore it is possible to 
obtain a predetermined temperature profile for the reac- 
tion in run. 

[0029] Further on, whenever a plurality of ducts ac- 
cording to the present invention is arranged inside the 



one or more catalytic layers, those ducts all advanta- 
geously are subjected to the same thermal load. In case 
for example of an exothermic reaction with hot or boiling 
water as coolant, all the ducts produce the same amount 
of steam (uniform distribution of water and steam inside 
the ducts). 

[0030] The higher heat exchange efficiency inside the 
reactor according to the invention allows recovering or 
supplying heat with smaller temperature differences be- 
tween the reactant fluid and the heating or cooling fluid. 
This advantage implies a smaller gradient of tempera- 
ture inside the catalytic layer between two adjacent 
plates, hence achieving a greater uniformity of temper- 
ature inside the catalytic layer and therefore an increase 
of the conversion yield with respect to the reactors ac- 
cording to the prior art. Or, the conversion yield being 
the same, the increase of the heat exchange efficiency 
allows decreasing the required volume of catalyst with 
the ensuing savings in terms of space and investment 
costs. 

[0031 ] A further advantage arising with the present in- 
vention consists in that when a plurality of ducts is ar- 
ranged inside a catalytic layer, such ducts may all be fed 
from a same source of supply because - all of them un- 
dergoing the same thermal load - there are no problems 
of control of the supply and removal of the cooling/heat- 
ing fluid. 

[0032] Further on, thanks, to the structural simplicity 
of the heat exchangers it is possible to carry out their 
maintenance in a particularly easy and cost-effective 
way. 

Brief description of the drawings 

[0033] The present invention will be further described 
with reference to the attached drawings provided as an 
indicative and not limiting example, in which: 

figure 1 shows in partial perspective view a reactor 
obtained according to the present invention; 

figure 2 shows a perspective and enlarged view of 
a particular of the reactor of fig. 1 ; 

figure 3 shows in partial perspective view an alter- 
native embodiment of the reactor of fig.1 ; 

figure 4 shows in partial perspective view a reactor 
according to a further embodiment of the present 
invention; 

figure 5 shows a perspective and enlarged view of 
a particular of the reactor of figure 4; 

figure 6 shows a partial perspective view of an al- 
ternative embodiment of the reactor of figure 4. 



15 



20 



25 



30 



35 



40 



45 



50 



5 



EP1 153 653 A1 



6 



Detailed description of a preferred embodiment. 

[0034] By making reference to the aforementioned 
drawings, the apparatus according to the present inven- 
tion is described as follows. 

[0035] With reference to figure 1 an isothermal reactor 
1 with an outer shell 2 is shown, which is for carrying out 
exothermic or endothermic heterogeneous reactions. 
[0036] Such shell 2 has a cylindrical structure closed 
at its ends by respective bottoms, an upper bottom 2a 
and a lower bottom 2b, in which the aperture 3 and 4 
and the aperture 7 are provided, respectively. 
[0037] The circular aperture 4 for the inlet of the gas- 
eous products to be made react is arranged onto the top 
of the upper bottom 2a of the shell 2. Such aperture 4 
directly faces the inside of the shell. 
[0038] The aperture 3 is arranged on the upper bot- 
tom 2a of the shell 2 beside the aperture 4 whereby it 
faces the inside of the shell, too. 

[0039] At the end of the bottom 2b of the shell 2 the 
aperture 7 is provided, which directly faces the inside of 
the shell 2. 

[0040] Such apertures are formed during the con- 
struction: the aperture 3, so called manhole, in order to 
allow the periodical inspection of the reactor internal, 
and the apertures 4 and 7 for the inlet and outlet of the 
gas, respectively. 

[0041] Inside the shell 2, a plurality of heat exchang- 
ers 9 is supported by means of one or more support 
beams 5 provided inside the shell 2. 
[0042] Because of the high pressures and mechanical 
stresses to which the shell 2 is subjected, the same is 
formed in a highly resistant structure with a limited and 
strictly necessary number of apertures to the outside en- 
vironment. 

[0043] The feed of the heat exchangers 9 is guaran- 
teed by the duct 6 introduced into the shell 2 through the 
aperture 8 formed in the upper portion of the side wall 
of such shell; such duct 6 is in fluid communication with 
the exchangers 9. 

[0044] The heat exchange fluid introduced through 
the duct 6 flows inside the plates 14 described herein- 
below, which are included in each exchanger 9. 
[0045] Such exchangers 9 are embedded in a cata- 
lytic layer 10 schematically shown in figure 1 by dotted 
lines. 

[0046] Such catalytic layer 1 0 is bounded sideways 
by the internal surface of the shell 2 and in its lower part 
by a not shown layer of inert granulate material, that fills 
the lower bottom 2b and bears the catalytic layer 1 0. 
[0047] Should the reaction be for instance of exother- 
mic type, then with such arrangement for the heat ex- 
changers the heat produced by the reaction taking place 
inside the catalytic layer 10 as a consequence of the 
gaseous reactants crossing it, is removed effectively as 
will be disclosed in the following. 

[0048] with reference to figure 2, a plate 14 heat ex- 
changer 9 is shown in detail, used inside a reactor 



crossed by a flow of reactants which is substantially par- 
allel to the reactor axis (axial flow). 
[0049] Plates 14 comprise walls 14' and 14", which 
are mutually juxtaposed and parallel to each other, re- 
5 spectively, and enclose inside them a plurality of ducts 
14a, in which the heat exchange fluid flows parallel to 
the reactor axis. 

[0050] In the example of figure 2, the ducts 14a are 
separated the one from the other sideways by welding 

10 lines 16 formed onto the walls 14', 14" of the plates 14. 
Just to make the figure more comprehensible, the side 
end of the plates 14 is shown open so to let the inside 
of a respective duct 14a be visible. It is clear that also 
at such side end of the plates 14 there are provided fix- 

15 ing means such as the welding lines 1 6. 

[0051] Such ducts 14a enclosed in the plates 14 are 
in fluid communication with the duct 1 2 arranged at the 
top of the heat exchange 9. Said duct 12 ends up per- 
pendicularly into the duct 17 from which ducts 17a are 

20 derived that are singularly connected to the ducts 14a 
through the distributor duct 17b. 

[0052] In fluid communication with the ducts 14a, 
through the ducts 1 1 a and 1 1 b, a collector 1 1 is arranged 
at the basis of the plates 1 4 and of the related ducts 1 4a. 

25 [0053] In fluid communication with the collector 11 
and perpendicularly to it, a duct 15 extends which ends 
up into the aperture 13. In the example here described, 
the aperture 1 3 is in fluid communication with the inside 
space of the shell 2 above the catalytic layer 10. 

30 [0054] Anchoring means may be provided at one or 
both the ends of the exchanger 9. Such means compris- 
es for example brackets 18 and 19, which allow a re- 
movable fixing of the heat exchanger 9 onto the sup- 
porting beams 5 and to the adjacent exchangers 9, in 

35 order to advantageously ensure stability during the 
process operation and at the same time an easy dis- 
mantling during the maintenance activities. 
[0055] With reference to figure 3, an alternative em- 
bodiment for the reactor of figure 1 is shown, wherein 

40 inside the shell 2 a plurality of overlaid catalytic layers 
is arranged in series to each other. At of each catalytic 
layer 1 0 a plurality of plate exchangers 9 as above de- 
scribed is advantageously provided; such exchangers 
are supported by respective beams 5. 

45 [0056] Each catalytic layer 10 is in turn supported by 
suitable supporting means not shown in figure 3, for ex- 
ample, by respective layers of inert granulate material 
or by respective gas-permeable bottoms. 
[0057] According to a further embodiment of the re- 

50 actor according to figure 3, not shown, inside the shell 
2 a single catalytic layer is provided in which the ex- 
changers 9 supported by the beams 5 are embedded. 
[0058] In the lower bottom 2b of the shell 2 there is 
thus provided the layer of inert granulate material, for 

55 the support of the catalyst. 

[0059] Both in the example of figure 1 and in the ex- 
ample of figure 3, the ducts 15 in fluid communication 
with the base of the ducts 14a can alternatively be con- 
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nected to suitable collectors - not shown - for the collec- 
tion and outflow from the reactor of the heat exchange 
fluid. 

[0060] With reference to figure 4, a further embodi- 
ment of the invention is shown in which the ducts 1 4a 
of the exchangers 9 are provided perpendicularly to the 
axis of reactor 1 and accordingly to the walls of the shell 
2. In this case, the reactor 1 is crossed by a reactants 
flow substantially perpendicular to the reactor axis (ra- 
dial flow) and the exchangers 9 are arranged radially. 
[0061] In such figure, the features of the reactor 1 
equivalent in term of structure and operation to those 
shown in the previous figures, will be referred to with the 
same reference numbers and will not be described an- 
ymore. 

[0062] The plates 1 4 are mutually juxtaposed and par- 
allel to each other, respectively, and include a plurality 
of ducts 1 4a inside them, in which a heat exchange fluid 
flows perpendicularly to the axis of reactor 1 . 
[0063] The ducts 1 4a are in fluid communication with 
the duct 6 for the supply of the heat exchange fluid, 
through the duct 12 and the annular duct 23. The duct 
6 ends up inside the shell 2 through the aperture 21 ob- 
tained in a lower part of the same. 
[0064] Further on, the ducts 14a are in fluid commu- 
nication with the outlet duct 22 of the heat exchange fluid 
through the duct 15 and the annular duct 27. The duct 
22 comes out of the shell 2 through the aperture 8, ob- 
tained in the upper portion thereof. 
[0065] With reference to figure 5, a plate 1 4 heat ex- 
changer 9 used inside the reactor of figure 4, is shown 
in detail. 

[0066] The plates 14 comprises walls 14' and 14" 
which are mutually juxtaposed and parallel to each oth- 
er, respectively, and that include a plurality of ducts 14 
inside them in which a heat exchange fluid flows per- 
pendicularly to the reactor axis. 

[0067] The ducts 1 4a are separated the one from the 
other sideways by welding lines 1 6 formed onto plates 
14. Only in order to make the figure clearer, the upper 
end of the plates 1 4 is shown open so as to let the inside 
of a respective duct 1 4a be visible. It is obvious that clos- 
ing means such as the welding lines 1 6 are also provid- 
ed at such upper end of the plates 14. 
[0068] The ducts 14a end up at the side ends of the 
plates 14 in ducts 17a and 11a, respectively. The duct 
17a is in turn in fluid communication with the duct 12 
arranged at the basis of the exchanger 9 through the 
connecting duct 17. On the contrary, the duct 11a is in 
fluid communication through the collector 11 with the 
duct 15 arranged at the top of the heat exchanger 9. 
[0069] Atone or both ends of the plate heat exchanger 
9, means is provided such as brackets 1 8 and 1 9 which 
provide for the anchoring of the exchangers as previ- 
ously described with reference to figure 2. 
[0070] With reference to figure 6 an alternative em- 
bodiment of the reactor 1 of figure 4 is shown, which is 
characterised in its upper portion by a flanged full aper- 
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ture of the shell 2 closed by a flat cover 2c. In this case, 
the aperture - not shown - for the inlet of the reactant 
gases is obtained in the upper portion of the shell 2. 
[0071 ] With reference to figure 1 , the gaseous reac- 
5 tants for the reaction are fed through the aperture 4 in- 
side the shell 2 and reach the catalytic layer 1 0 in which 
the catalyst is provided, cross such layer, while reacting, 
and are collected in the lower end 2b of the shell 2 exiting 
then from aperture 7. 

[0072] During the crossing of the catalytic layer 10, 
the gaseous reactants react in contact with the catalyst 
and, if the reaction is of the exothermic type, heat is pro- 
duced. 

[0073] Such heat is dissipated by means of indirect 
heat exchange, that is to say through the contact of the 
mixture of reacted and unreacted gases with the plates 
14 of the exchangers 9 embedded in the catalytic layer 
10. 

[0074] In fact, inside such plates 14 a cooling fluid 
flows which according to the specific case may be a flow 
of cold reactants, a diathermic fluid, a fused salt or water. 
Such flow, with reference to figure 2, is fed at a lower 
temperature than that of the mixture of reacted and un- 
reacted gases, through the duct 1 2 from which is passes 
into the duct 17 and flows into the ducts 14a defined 
inside the plates 14. 

[0075] After having crossed the plates 14, once that 
the indirect heat exchange has taken place, such quite 
overheated fluid is collected by the collector 1 1 and exits 
from the exchanger 9 through the duct 15. 
[0076] Specifically, in the example of figure 1, the 
cooling fluid comprises a flow of reactant gases that, 
suitably heated inside the exchanger 9, exit therefrom 
through the aperture 13 of the duct 15 arranged in the 
area overlaying the catalytic layer 10, and are then 
mixed with the gaseous reactants fed inside the reactor 
1 through the aperture 4. 

[0077] In other words, the open end 13 is provided 
specifically for the case in which the gaseous reactants 
themselves are used as cooling fluids; such gases are 
then fed through the aperture 4 and partially also 
through the duct 6. 

[0078] In the example of figure 3, the gaseous reac- 
tants cross sequentially a number of catalytic layers 1 0. 
Advantageously, the reaction temperature in each cat- 
alytic layer 10 may be controlled - layer by layer inde- 
pendently-by respective exchangers 9. In doing so it is 
possible to adjust the temperature inside the catalytic 
layer 1 0 in order to optimise the overall conversion yield. 
[0079] With reference to figures 4 and 6, the path of 
the gaseous reactants and of the heat exchange fluid 
inside the reactor 1 is schematically indicated by the ar- 
rows F1 and F2, respectively. 

[0080] The gaseous reactants are fed through the ap- 
erture 4 of the shell 2 and flow in the annular air gap 24 
defined between the inner side surface of the shell 2 and 
the gas-permeable wall 28. Through such wall 28, the 
gaseous reactants reach the catalytic 1 0 layer in which 
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the catalyst is arranged. To this respect, the catalytic lay- 
er 10 is closed in its upper portion by an annular cover 
of conventional type, which is not shown. 
[0081 ] The gaseous reactants cross the catalytic lay- 
er 1 0, reacting, in a substantially perpendicular direction 5 
with respect to the reactor axis (radial flow). They flow 
out of the catalytic layer 10 through the perforated wall 
25 and are collected inside the collector 29 provided 
centrally in the shell 2 and bounded in its upper side by 
a cover 26, exiting then from the reactor 1 through the 
aperture 7. 

[0082] Alternatively, the catalytic layer 10 is open in 
its upper side or has a gas-permeable annular grid (not 
shown) such that the reactant gases pass through it with 
an axial-radial motion. 

[0083] During the crossing of such catalytic layer 1 0, 
the contact of the reactant gases with the catalyst let the 
reaction take place and, if this is exothermic, heat is pro- 
duced. 

[0084] Such heat is dissipated by means of indirect 
heat exchange, that is to say through the contact of the 
mixture of reacted and unreacted gases with the plates 
14 of the exchangers 9 embedded in the catalytic layer 
10. 

[0085] In fact, inside such plates 14 a cooling fluid 
flows of the above mentioned type, which, always with 
reference to figure 4 and 5, is fed at a lower temperature 
than that of the mixture of reacted and unreacted gases, 
through the duct 6 from which is passes into the duct 
23, then into duct 12 whereupon, after having being dis- 
tributed by the ducts 17a, it flows into the ducts 14a of 
the plates 14. 

[0086] After having crossed the plates 14, once that 
the indirect heat exchange has taken place, such quite 
overheated fluid is collected by the ducts 11a, passes 
through the collector 11 , the ducts 15 and 27 and exits 
from the shell 2 through the duct 22. 
[0087] According to the present invention, plate ex- 
changers 9 are advantageously employed as they allow 
an effective heat exchange to take place thanks to the 
extended surface provided by the plates 1 4 impinged by 
the gaseous reactants, that cross the catalyst layer. 
[0088] In fact, in case for example of an exothermic 
reaction, it is desirable to dissipate the heat in excess 
developed during the crossing of the catalytic layer 1 0 
by the gaseous reactants. 

[0089] In doing so, the temperature of the catalytic 
layer 1 0 may be maintained within a certain range in or- 
der to obtain a high reaction yield and also in order to 
prevent the catalyst from undergoing an excessive ther- 
mal stress for the high temperatures reached. 
[0090] Further on, such exchangers are easy to man- 
ufacture, to install and above all to maintain, by virtue 
of the simple structure that characterises them. 
[0091] According to an embodiment, such exchang- 
ers 9 are also characterised by a cross section of such 
a dimension as to allow their insertion through the man- 
hole 3 or the aperture 4. 
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[0092] This feature is particularly advantageous in or- 
der to carry out the operations of maintenance of the 
exchangers 9 in case of reactors such as those shown 
in figure 1 , 3 and 4, that is to say comprising access 
apertures of small diameter than the diameter of the 
shell 2. 

[0093] Further on, in the conditions that are described 
hereinbelow, cases occur for which such characteristic 
section of the exchangers 9. may be particularly useful 
in order to obtain further important advantages. 
[0094] A first advantage thus achieved is that of ob- 
taining, in specific conditions that will be discussed in 
detail later on, a perfectly operating reactor by revamp- 
ing an already existing unused reactor. 
[0095] It shall be considered that, for the requirements 
that it has to fulfil, the shell of a generic reactor is man- 
ufactured with techniques and materials which guaran- 
tee a sufficient resistance to pressures, temperature 
and internal chemical attacks during the process steps. 
[0096] In fact, in order to carry out some processes, 
it is necessary to use high operation pressures, high 
temperatures and to react extremely corrosive or harm- 
ful substances. 

[0097] As a result, the technological difficulties for 
manufacturing a shell are relevant and its cost is high. 
[0098] It follows that, for the aforesaid characteristics 
of resistance, a shell is a structure that can be used for 
extended periods of time even if the much more struc- 
turally delicate inner equipment comprising the ex- 
changers and the catalytic layer is no more used. 
[0099] Cases exist in which a shell such as that indi- 
cated in figure 1 is available, but since has inside it an 
obsolete equipment, the overall structure, including the 
reactor, may not be used anymore, although the outer 
shell could eventually be still used for a long period of 
time. 

[0100] In such instances, it is then advantageous to 
equip the inner obsolete equipment with the aforesaid 
heat exchangers 9 introduced through the aperture 3 or 
the aperture 4. 

[0101] Beside the advantage achieved by recovering 
an obsolete reactor, a second advantage consists in ob- 
taining anyway a retrofitted high efficiency isothermal 
reactor, both in case of the original one being adiabatic 
or isothermal. 

[0102] Such further advantage, whose importance is 
not secondary to the previous one, guarantees both ex- 
othermic and endothermic catalytic reactions to be car- 
ried out optimally, whereas such reaction are, as known, 
more effectively carried out in reactors of the isothermal 
type rather than of the adiabatic type. 
[0103] Therefore such revamping guarantees not on- 
ly the recovery of an unused reactor, but also the con- 
version of the same, in case it was of the adiabatic type, 
in an isothermal reactor particularly suitable for the 
above-specified reactions. 

[0104] The aforesaid recovery is a complete renova- 
tion of the reactor inside, which renovation does not re- 
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6. Reactor (1 ) according to claim 1 , characterised in 
that said plates (1 4) of said exchanger (9) comprise 
ducts (14a) extending perpendicularly to the axis of 
said shell (2). 

5 

7. Reactor (1 ) according to claim 6, characterised in 
that said plates (1 4) of said exchanger (9) comprise 
respective mutually juxtaposed walls (14\ 14") 
which define between them said ducts (14a) ex- 

10 tending perpendicularly to the axis of said shell (2). 

8. Reactor (1) according to claim 6, characterised in 
that said shell (2) supports a plurality of said heat 
exchangers (9) in fluid communication with a feed 

*5 duct (6) of a heat exchange fluid. 

9. Reactor (1) according to claim 6, characterised in 
that said heat exchangers (9) are arranged radially 
in said catalytic layer (10). 

20 

10. Reactor (1 ) according to claim 6, characterised in 
that it comprises anchoring means (18, 91) of at 
least one of said exchangers (9). 



quire any modification of shell 2, not desirable particu- 
larly in reactors operating at high pressure. 
[0105] It is useful to. repeat that such exchangers may 
be used for the construction ex-novo of a reactor for ex- 
othermic or endothermic catalytic reactions as it has al- 
ready been widely stated, but also for the retrofit of an 
existing reactor with the aforesaid features, in particular 
of the type having an upper bottom with access aper- 
tures of smaller diameter than that of the shell. 
[0106] In this last case, the exchangers 9 of the above 
mentioned type, are advantageously introduced in the 
existing reactor through the manhole (aperture 3) or, ac- 
cording to the specific instance, the inlet aperture for the 
reactant gases (aperture 4). Moreover, the existing side 
apertures in the shell 2 (such as the aperture 8) are ex- 
ploited for introducing into the reactor feed ducts or op- 
tionally for the removal of the heat exchange fluid. 
[0107] All the above listed advantages relating to a 
new reactor are achieved also by an already existing 
structure revamped as per above with relevant savings. 

Claims 

1 . Reactor (1 ) for carrying out exothermic or endother- 
mic heterogeneous reactions comprising: 

an outer shell (2) of substantially cylindrical 
shape; 

at least a heat exchanger (9) embedded in a 
catalytic layer (10) supported into said shell (2); 

characterised in that: 

said heat exchanger (9) is a plate (14) heat ex- 
changer. 



25 11. Method for the manufacture of a reactor (1 ) for car- 
rying out endothermic or exothermic heterogene- 
ous reactions comprising the steps of: 

recovering a substantially cylindrical shell of an 
30 existing reactor; 

arranging at least a catalytic layer (10) inside 
said recovered shell; 

35 - arranging at least a plate heat exchanger (9) 
according to any one of the preceding claims, 
in said at least one catalytic layer (10). 



2. Reactor (1 ) according to claim 1 , characterised in 
that said plates (1 4) of said exchanger (9) comprise 40 
ducts (14a) extending parallel to the axis of said 
shell (2). 

3. Reactor (1 ) according to claim 2, characterised in 
that said plates (1 4) of said exchanger (9) comprise 45 
respective mutually juxtaposed walls (14', 14") 
which define between them said ducts (14a) ex- 
tending parallel to the axis of said shell (2). 

4. Reactor (1 ) according to claim 2, characterised in so 
that said shell (2) supports a plurality of said heat 
exchangers (9) in fluid communication with a feed 
duct (6) of a heat exchange fluid. 

5. Reactor (1 ) according to claim 2, characterised in 55 
that it comprises anchoring means (18, 91) of at 
least one of said exchangers (9). 
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